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US 9,841,828 B2

1
PRESSURE SENSITIVE STYLUS

BACKGROUND

Digitizer systems are used as computer input devices for >
capturing data, handwritten signatures, text, drawings, sym-
bols and the like. Digitizing tablets and touch-screens are
exemplary digitizer systems used to replace a mouse as a
primary pointing and navigation device for desktop com-
puters. A user interacts with the digitizer system by posi-
tiomng and moving an object such as stylus and/or a finger
over a sensing surface of the system, e.g. a tablet and/or a
touch screen. Position of the object with respect to the
sensing surface i1s tracked by the digitizer system and
interpreted as a user command.

10

15

SUMMARY

Users are typically known to hold a stylus at an angle, ¢.g.
20-40 degree angle while interacting with a sensing surface
of a computing device. During interaction, force 1s applied
on a writing tip of the stylus in both an axial and cross-axial
direction of the stylus due to contact pressure with the
sensing surface. Force in the axial direction may lead to
retraction of the writing toward the stylus housing while the
force 1n the cross-axial direction leads to tilting or bending
of the writing tip. The cross-axial forces are typically
significant and may be larger than the axial forces.

According to some embodiments of the present disclo-
sure, there 1s provided a stylus that 1s sensitive to both axial
and cross-axial forces applied on the writing tip.

In some exemplary embodiments, the stylus provides for
detecting both direction and amplitude of force applied on
the writing tip while a user uses the stylus to write, draw or
point at objects displayed on a screen.

Unless otherwise defined, all technical and/or scientific
terms used herein have the same meanming as commonly
understood by one of ordinary skill in the art. Although
methods and materials similar or equivalent to those
described herein can be used in the practice or testing of
embodiments of the disclosure, exemplary methods and/or
materials are described below. In case of contlict, the patent
specification, including definitions, will control. In addition,
the materials, methods, and examples are illustrative only
and are not mntended to be necessarily limiting.

20
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35

40

45

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

50

Some embodiments of the disclosure are herein described,
by way of example only, with reference to the accompanying,
drawings. With specific reference now to the drawings 1n
detail, 1t 1s stressed that the particulars shown are by way of
example and for purposes of illustrative discussion of 55
embodiments of the disclosure. In this regard, the descrip-
tion taken with the drawings makes apparent to those skilled
in the art how embodiments of the disclosure may be
practiced.

In the drawings:

FIGS. 1A and 1B are simplified schematic drawings of an
exemplary stylus including a pressure sensitive writing tip,
the writing tip shown while hovering and touching a surface
respectively 1n accordance with some embodiments of the
present disclosure;

FIGS. 2A and 2B are simplified schematic drawings of
structural elements of an exemplary pressure sensor while

60

65

2

the stylus 1s hovering and touching the surface respectively
in accordance with some embodiments of the present dis-

closure;

FIGS. 3A and 3B are simplified schematic drawings of
structural elements of the exemplary pressure sensor while
the stylus 1s hovering and touching the surface respectively
in accordance with some other embodiments of the present
disclosure:

FIGS. 4A, 4B, 4C and 4D are simplified drawings of
exemplary electrodes of the pressure sensor 1n accordance
with some embodiments of the present disclosure;

FIG. 5 1s a simplified schematic block diagram showing
components of a pressure sensitive stylus 1n accordance with
some embodiments of the present disclosure;

FIG. 6 1s a simplified flow chart of an exemplary method
for sensing pressure applied on a writing tip of a stylus 1n
accordance with some embodiments of the present disclo-
SUre;

FIG. 7 1s a simplified schematic drawing of structural
clements of the exemplary pressure sensor in accordance
with yet other embodiments of the present disclosure;

FIGS. 8A and 8B are simplified schematic drawings of the
structural elements of the exemplary pressure sensor while
the stylus 1s hovering over a surface and touching the surtace
respectively in accordance with the vet other embodiments
of the present disclosure; and

FIG. 9 1s a simplified flow chart of another exemplary
method for sensing pressure with the pressure sensor in
accordance with the yet other embodiments of the present
disclosure.

DETAILED DESCRIPTION

A stylus or other handheld device for interacting with the
digitizer sensor can be a passive conductive object or an
active device that transmits a signal. An electromagnetic
stylus 1s one type of stylus known 1n the art for operating a
digitizer system. The electromagnetic stylus emits an elec-
tromagnetic signal that may be picked up at locations on a
sensing surface of the digitizer system. Position of a writing,
tip of the stylus may be tracked based on signals transmitted
by the stylus via the writing tip while the writing tip 1s either
touching or hovering over the sensing surface. Inking based
on the tracked position of the stylus may be displayed on a
display while the stylus 1s touching the sensing surface. A
thickness of a line for inking may be sensitive to pressure
applied on the writing tip during inking.

According to some exemplary embodiments, pressure
applied on the writing tip 1s detected with a pressure sensor
integrated 1n the stylus. Typically, the pressure detected or
information related to the detected pressure is reported by
the stylus. A controller of the digitizer system or a comput-
ing device associated with the digitizer system receives the
report and provides the information to a controller associ-
ated with the display.

According to some embodiments of the present disclo-
sure, a stylus includes a pressure sensor that 1s sensitive to
both tilting and retraction of 1ts writing tip. Known pressure
sensors for styluses typically sense retraction of the writing
t1p due to contact pressure against an interaction surface, e.g.
a touch screen. However, a user typically holds a stylus at an
angle with respect to the interaction surface and therefore
the force applied on the writing tip 1s not solely 1n the axial
direction. The writing tip may even bend or tilt due to the
contact force before retracting toward the stylus housing.
Pressure sensing may be improved by detecting force in both
axial and cross-axial direction with respect to longitudinal
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axis of the stylus. Optionally, sensitivity 1n detecting when
the writing tip first touches a sensing surface may be
improved by detecting both the axial and cross-axial force.
Improving the sensitivity improves the ability to accurately
detect transition between a hovering and touch state of the
stylus.

In some exemplary embodiments, the pressure sensor
includes an elastic or compressible element with conductive
material and a pyramid structure including electrodes. Both
the electrodes on the pyramid structure and the elastic
clement are typically connected to a circuit in the stylus.
Typically, the elastic element 1s rounded, e.g. spherically or
hemi-spherically shaped. In some exemplary embodiments,
the elastic element 1s fixed onto one end of the writing tip
and the pyramid structure 1s fixed or integrated on housing
of the stylus. Alternatively, the pyramid structure 1s fixed or
integrated on one end of the writing tip and the elastic
clement 1s fixed to the housing of the stylus.

As the writing tip retracts and tilts, the elastic element 1s
configured to press and flatten against one or more 1ner
walls of the pyramid structure. The elastic element may
flatten against each of the walls with varying degrees based
on a direction of the tilt. The amount of tlattening depends
on both the magnitude and direction of the applied force as
well as the elasticity of the elastic element. Outputs from the
circuit connected to the electrodes may be detected. Accord-
ing to some embodiments of the present disclosure, outputs
from the circuit are related to both force applied on the
writing tip and a direction of the applied force. The rela-
tionship 1s typically defined based on empirical data.

In some exemplary embodiments, the pyramid structure
includes electrodes coated with 1solating material and flat-
tening of the elastic element increases capacitive coupling,
between the elastic element and one or more of the elec-
trodes on the pyramid structure. Alternatively or addition-
ally, the elastic element 1s coated with 1solating material.
Outputs detected from the electrodes may be representative
of the capacitive coupling between the elastic element and
cach of the walls of the pyramad.

In some exemplary embodiments, a plurality of electrodes
1s patterned on an mner wall of the pyramid structure and the
clectrodes are exposed. Flatting of the elastic element may
increase the number of electrodes 1n electrical contact with
the elastic element. In these embodiments, the circuit may be
connected to each of the electrodes patterned on the walls
and the outputs may be representative of the number of
shorts created between the electrodes due to flatteming of the
clastic element against the electrodes.

In some exemplary embodiments, the pyramid structure
includes both exposed electrodes and electrodes coated with
isolating material with capacitive coupling between them.
Flatting of the elastic element may increase the area of an
cellective area of exposed electrode which increases the
capacitance.

In some exemplary embodiments, the elastic element or
the electrode includes material that changes resistivity based
on force or contact area between the electrode and the elastic
clement. Optionally, resistivity 1s detected and related to a
force vector applied on the writing tip.

In some exemplary embodiments, the elastic element 1s
connected to a distal end of the writing tip and enclosed 1n
a double pyramid. In a neutral state of the writing tip, when
no force 1s applied, the elastic element may rests against the
inner walls of one pyramid and when pressure 1s applied on
the writing tip, the elastic element may move together with
the writing tip and press against the inner walls of the other
pyramid.
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Optionally, the elastic element 1s capacitively coupled to
walls of each pyramid of the double pyramid and the circuit
detects capacitive coupling from each of the walls. In some
exemplary embodiments, force applied on the writing tip 1s
related to a difference between outputs detected on each of
the pyramids forming the double pyramad.

Before explaining at least one embodiment of the exem-
plary embodiments in detail, 1t 1s to be understood that the
disclosure 1s not necessarily limited 1n 1ts application to the
details of construction and the arrangement of the compo-
nents and/or methods set forth in the following description
and/or illustrated 1n the drawings. The disclosure 1s capable
ol other embodiments or of being practiced or carried out 1n
various ways.

Reference 1s now made to FIGS. 1A and 1B showing
simplified schematic drawings of an exemplary stylus
including a pressure sensitive writing tip, the writing tip
shown while hovering and touching a surface respectively 1n
accordance with some embodiments of the present disclo-
sure. According to embodiments of the present disclosure, a
writing tip 350 1s sensitive to force applied 1n a direction
along axis 390 and also to force applied at an angle with
respect to axis 390. Depending on the angle of stylus 200
during interaction with a sensing surface, writing tip 350
may begin to bend or tilt before retracting along axis 390.

Writing tip 350 1s typically aligned with a longitudinal
axis 390 of a housing 250 of a stylus 200 and has some
degree of freedom to move in both the direction of longi-
tudinal axis 390 and 1n a direction perpendicular to longi-
tudinal axis 390. Typically, writing tip 350 1s an elongated
clement that extends into housing 250 through collar 310.
When writing tip 350 1s held at an angle against surface 100,
the force applied on writing tip 350 may tilt writing tip 350
against collar 310 of housing 250 as well as push writing tip
350 toward housing 250. Typically, a thickness of collar 310
as well as its positioning in relation to a length of writing tip
350 defines a range of tilt movement that the writing tip 350
has 1n response to force applied on writing tip 350. Accord-
ing to some exemplary embodiments, a pressure sensor
embedded 1n housing 250 1s configured to sense the force
applied on writing tip 350. The pressure sensor senses both
force applied 1n the longitudinal direction, along axis 390 as
well as forces applied i directions perpendicular to the
longitudinal direction.

Reference 1s now made to FIGS. 2A and 2B showing
simplified schematic drawings of structural elements of an
exemplary pressure sensor while the stylus 1s hovering over
a surface and touching the surface respectively in accor-
dance with some embodiments of the present disclosure.
According to some exemplary embodiments of the present
disclosure, a pressure sensor 300 includes an elastic element
320 that moves 1n relation to a pyramid structure 400.
Pyramid structure 400 1s typically itegrated or secured to
housing 250 and elastic element 320 1s typically mounted or
integrated on one end of writing tip 320. Elastic element 320
may be fitted into or aligned to face imnner walls of pyramid
structure 400.

Pyramid structure 400 includes at least three walls 330
surrounding elastic structure 320. Elastic element 320 1s
conductive and typically has a rounded shape. Walls 330
include one or more electrodes that may sense capacitive or
clectrical coupling with elastic element 320. Optionally, one
or both of elastic element 320 and walls 330 are coated with
clectrically 1solating material for sensing capacitive cou-
pling. Optionally, conductive material of both elastic ele-
ment 320 and the conductive material on walls 330 are
exposed to detect electrical coupling. Examples of the




US 9,841,828 B2

S

clectrodes that may be mcluded on walls 330 are depicted 1n
FIGS. 4A, 4B, 4C, and 4D and discussed herein below 1n

reference to 1n FIGS. 4A, 4B, 4C, and 4D.

As writing tip 350 1s pushed and tilted due to contact force
applied from surface 100, elastic element 320 moves with
respect to walls 330 and tlattens against walls 330 (FIG. 2B).
Tilting of writing tip 350 may lead to elastic element 320
flattening against only one or two of walls 330, ¢.g. asym-
metric tlattening. Recession of writing tip 350 may lead to
clastic element 320 flatteming symmetrically against all
walls 330. Typically, writing tip 350 recedes and tilts and
clastic element 320 may flatten against some of walls 330
more than other walls 330. In some exemplary embodi-
ments, 1n a neutral state of writing tip 350 when no pressure
1s applied on writing tip 350 (FIG. 2A), there 1s no physical
contact between elastic element 320 and walls 330. Option-
ally, elastic element 320 1s positioned 1n relation to pyramid
structure 400 to contact walls 330 when a threshold pressure
level on writing tip 350 1s reached. Alternatively, contact
between elastic element 320 and walls 330 1s already
established 1n the neutral state of writing tip 350.

According to some exemplary embodiments, movement
of elastic element 320 towards and away from the walls 330
as well as deformation of elastic element 320 are detected
based on changes 1n the capacitive or electrical coupling
with the electrodes on walls 330.

Pyramid structure 400 1s schematically depicted as being
transparent 1n the figures for convenience so that position of
clastic element 320 in relation to pyramid structure 400 1s
visible 1n the figures. Typically, pyramid structure 400 1s not
required to be transparent.

Reference 1s now made to FIGS. 3A and 3B showing
simplified schematic drawings of structural elements of the
exemplary pressure sensor while the stylus 1s hovering and
touching the surface respectively 1in accordance with some
other embodiments of the present disclosure. In some exem-
plary embodiments, a pressure sensor 305 includes elastic
clement 320 that moves 1n relation to a pyramid structure
405. Pyramid structure 403 1s a truncated pyramid including
an additional surface 331 formed from truncating the peak.
As writing tip 350 recedes mnto housing 250 due to contact
pressure, elastic element 320 may flatten against surface 331
as well as against walls 330. Typically, axial movement of
writing tip 350 may lead to elastic element 320 flattening
against surface 331 as well as each of walls 330 1n a
symmetrical manner. Tilting of writing tip 350 may typically
lead to elastic element 320 flattening against some of walls
330 of pyramid structure 405 more than other walls 330.
Optionally, axial force may be detected based on outputs
from an electrode on surface 331 and cross-axial force may
be detected based on comparing outputs from walls 330.

Reference 1s now made to FIGS. 4A, 4B, 4C and 4D
showing simplified drawings of exemplary electrodes of the
pressure sensor in accordance with some embodiments of
the present disclosure. According to some exemplary
embodiments, electrodes are mounted or patterned on walls
of a pyramid structure, e.g. pyramid structures shown 1in
FIGS. 2A and 3A. Referring now to FIG. 4A, in some
exemplary embodiments, each of the walls 330 of the
pyramid structure includes an electrode 510 spread over wall
330A that 1s covered with electrically 1solating material 505.
Electrode 510 may be triangular 1n shape or may have other
shapes, e.g. circular or rectangular. A circuit connected to
clectrode 510 may sense capacitive coupling between elastic
clement 320 (shown 1in FIGS. 2A, 2B, 3A and 3B) that is
configured to press against the walls of the pyramid structure
and electrode 510. Typically, capacitive coupling increases
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as elastic element 320 flattens against electrode 510. Output
from each of electrodes 510 1n the pyramid structure may be
detected to determine pressure applied on writing tip 350. In
addition, outputs may be compared to determine direction of
force applied on writing tip. Optionally, tilt angle of writing
tip 350 may be determined based on the determined direc-
tion of force.

Referring now to FIG. 4B, in some exemplary embodi-
ments, a pyramid structure includes walls 330B with an
clectrode 510 that 1s covered with electrically 1solating
material 505 as discussed in reference to FIG. 4A as well as
an exposed electrode 520. Exposed electrode may be pat-
terned over 1solating coating 3505. A circuit may be con-
nected to each of electrode 510 and electrode 520 1n wall
330B. Both capacitive coupling and electrical contact with
clastic element 320 may be detected. Contact between
clastic element 320 and electrode 520 may be detected by
the circuit and may provide indication that a threshold level
of pressure 1s being applied on writing tip 350. Optionally,
the threshold level 1s indicative of a transition between a
hovering mode of the stylus and a touch (or pen-down) mode
of the stylus. Further pressure applied on writing tip 350
may push elastic element 320 against a wall 330 and the
increased contact surface area may increase capacitive cou-
pling between elastic element 320 and electrode 510. This
change 1n capacitive coupling may be detected together with
output from electrode 520.

Retferring now to FIG. 4C 1n some exemplary embodi-
ments, a pyramid structure includes walls 330C. Walls 330C
may include exposed electrode 520 together with an array of
exposed electrodes 530 that are electrically 1solated from
one another. Exposed electrode 330 may be aligned to an
initial location of contact between elastic element 320 and
wall 330C. In some exemplary embodiments, a circuit
connected to each of electrodes 520 and 530 detects a short
between the electrodes due to contact with elastic element
320. As elastic element 320 1s pushed against walls 330C
and flattens, the number of shorts between electrode 520 and
clectrodes 330 increases. In some exemplary embodiments,
pressure applied on each of walls 330C 1in the pyramid
structure 1s related to the number of electrodes 530 that are
shorted with electrode 520. Based on output from each of
walls 330C, pressure as well as direction of force or t1lt angle
may be determined.

Referring now to FIG. 4D, 1n some exemplary embodi-
ments, a pyramid structure include walls 330D. Wall 330D
includes a single exposed electrode 540. A circuit connected
to electrode 5340 may sense contact with elastic element 320.

Optionally, at least one of electrode 340 and elastic
clement 320 1s formed with material that changes resistivity
based on force or contact area between electrode 540 and

elastic element 320 and the circuit measures resistance.
Optionally, wall 330D 1s only used for surface 331 (FIG.

3A).

Reference 1s now made to FIG. 5 showing a simplified
schematic block diagram of components of a pressure sen-
sitive stylus in accordance with some embodiments of the
present disclosure. Stylus 200 can be an active stylus that
seli-generates a transmitting signal with or without receiving
a triggering signal from a digitizer system or from another
source. Stylus 200 can alternatively be a semi-passive stylus
that includes a resonator arrangement that i1s activated in
response to recewving a trigger signal from a digitizer
system. Stylus 200 typically includes a transmitter that
transmits a signal that can be picked up by digitizer sensing
surface 100. Optionally, writing tip 350 operates as an
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antenna for the transmitter, so that a position of writing tip
350 1s detected and tracked on digitizer sensing surface 100.

For an active stylus 200, the signal 1s generated by a signal
generator and powered by power source 210. Power source
210 may include for example, one or more batteries and/or 5
a super capacitor. The signal transmitted by stylus 200 may
be signal bursts, e.g. AC signal bursts transmitted at a
pre-defined frequency or pattern. The signal bursts may be
a modulated signal that includes encoded information
regarding an operational state of the stylus 200 and pressure 10
information. The transmitter 1s electrically connected to
writing tip 350 by a connection 560 for transmission via
writing tip 250. In some exemplary embodiments, the trans-
mitter additionally includes reception ability to provide
two-way communication, €.g. with a digitizer system. Typi- 15
cally, the signal generator and transmitter are integrated on
ASIC 240 and in supporting analog circuit 230. ASIC 240
may additionally provide processing and memory capability.
ASIC 240 together with analog circuit 230 make up the
circuitry for stylus 200. ASIC 240 may also typically func- 20
tion as a controller for controlling operation of stylus 200.

According to some embodiments of the present disclo-
sure, stylus 200 includes a tip pressure sensor 500 that 1s
integrated with writing tip 350. Pressure sensor 500 senses
when pressure 1s applied on writing tip 350, e.g. during 25
interaction with a digitizer sensor. Output from tip pressure
sensor 500 may be encoded on the signal transmitted by
stylus 200. Typically, output from tip pressure sensor S00
provides for diflerentiating between a hover operational
state, defined by writing tip 350 hovering over an interaction 30
surface and a touch operational state, e.g. a pen-down state
defined by writing tip 350 pressing against the interaction
surface as when writing.

According to some embodiments of the present disclo-
sure, tip pressure sensor 300 includes elastic element 320 35
that 1s conductive and a plurality of electrodes 510 posi-
tioned on walls 330 forming a pyramid structure. ASIC 240
may be electrically connected to each of electrodes 510 by
a connection 5350. Typically, elastic element 320 1s electri-
cally connected to writing tip 350 so that signals transmitted 40
on writing tip 350 are also transmitted on elastic element
320. Pressure sensing with pressure sensor 500 1s based on
sensing changes 1n electrical or capacitive coupling between
clastic element 320 and electrodes 510 as proximity of
clastic element 320 to walls 330 changes. 45

In some exemplary embodiments, ASIC 240 may sample
output from electrodes 510 in synchronization with trans-
mitting signals via writing tip 350. The signals transmitted
via writing tip 350 during pressure sensing may be signals
dedicated for pressure sensing or may be same signals that 50
ASIC 240 generates and transmits for tracking on the
digitizer sensor. Optionally, ASIC 240 may transmit as well
as sample signals on electrodes 510 to sense capacitive or
clectrical coupling of electrodes 510 with elastic element
320. Output may be encoded in the stylus signal and 55
reported to a digitizer system or device communicating with
stylus 200. In some exemplary embodiments, output
sampled 1s processed by ASIC 240 to detect and report one
or more of pressure applied on writing tip 350, direction of
torce applied on writing tip 350, and toggling between hover 60
and touch operational mode.

Alternatively, raw output from sensor 500 may be
reported and processing to determine pressure or direction of
force may be performed by a processor associated with the
digitizer system that receives the stylus signal. 65

Reference 1s now made to FIG. 6 showing a simplified
flow chart of an exemplary method for sensing pressure with
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the pressure sensor 1n accordance with some embodiments
of the present disclosure. According to some exemplary
embodiments, a circuit embedded 1n a stylus transmits a
signal on elastic element 320 or electrodes of pyramid
structure (block 805). The circuit detects outputs from the
clectrodes 1n response to transmitting the signal (block 810).
The outputs detected may indicate a level of capacitive
coupling with elastic element 320 or may indicate electrical
contact with elastic element 320. Pressure applied on writing
tip 350 may be determined based on a summation of the
level of capacitive coupling detected from each of the
clectrodes (block 820). A direction of the applied force ma
be determined based on differences in capacitive coupling
detected from each of the electrodes (block 825). Output
from the pressure sensor, e.g. magnitude and direction of the
force applied on the writing tip, may be reported to a device
in communication with the stylus (block 830). Typically, the
output 1s reported to a controller of a digitizer system
tracking the stylus or directly to a stylus enabled computing
device recerving input from the digitizer system. Optionally,
the output may also be used by the stylus to adjust its
operation. In some exemplary embodiments, output from the
pressure sensor 1s reported to a wake-up circuit included in
the stylus. The wake-up circuit may activate a portion of the
circuit of the stylus based on detecting pressure applied on
the writing tip.

Reference 1s now made to FIG. 7 showing a simplified
schematic drawing of structural elements of the exemplary
pressure sensor and to FIGS. 8A and 8B showing simplified
schematic drawings of the structural elements of the exem-
plary pressure sensor while the stylus 1s hovering over a
surface and touching the surface respectively 1n accordance
with the yet other embodiments of the present disclosure.

According to some exemplary embodiments of the pres-
ent disclosure, a pressure sensor 520 includes an elastic
clement 325 that moves in relation to a double pyramid
structures, e.g. pyramid structure 400 and pyramid structure
410 that together form a hexahedron. Alternatively, pyramid
structure 400 and pyramid structure 410 may fixed to have
a gap between them. Each of pyramid structures 400 and 410
1s typically integrated or secured to housing 250. Writing tip
350 with elastic element 325 may be fitted through a hole or
bore 420 1n pyramid structure 410. Bore 420 may be large
enough to allow axial and tilting movement of writing tip
350 with respect to pyramid structure 410. Elastic element
325 may be substantially enclosed by the pyramid structures
so that any movement of elastic element 320 may be
detected by one of the pyramid structures 400 and 410. Each
of pyramid structure 400 and pyramid structure 410 include
walls 330 with electrodes selected from the electrodes
discussed 1n reference to FIGS. 4A, 4B, 4C, and 4D. In some
exemplary embodiments, elastic element 325 1s supported
by lower pyramid structure 410 during a neutral state of
writing tip 350, when no contact force 1s applied on writing
tip 350 (FIG. 8A). In this neutral state, elastic element 325
may be 1n physical contact with each of walls 330 of lower
pyramid structure 410 and not in physical contact with any
of walls 330 of upper pyramid structure 400. When contact
pressure 1s applied on writing tip 350, writing tip 350 may
recede mto housing 250 and elastic element 325 may
advance toward upper pyramid structure 400 (FIG. 8B).
Contact between elastic element 320 and lower pyramid
structure 410 may be severed based on elastic element 325
advancing toward upper pyramid structure 400. Alterna-
tively, elastic element 325 may be 1n physical contact with
both pyramid structure 400 and 410 at all pressure levels but
at varying degrees. In a neutral state, contact with walls 330
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of upper pyramid structure 400 may be minmimal. When
pressure 1s applied, elastic element 325 may flatten against
walls 330 of upper pyramid structure 400 so that the contact
arca 1s 1ncreased. Based on the change in contact area,
capacitive coupling or electrical coupling between the elas-
tic element 320 and electrodes on the pyramid structures 400
and 410 may change. The change may be detectable by
circuitry of stylus 200. Elastic element 325 may be spherical
or symmetrical 1n shape.

Reference 1s now made to FIG. 9 showing a simplified
flow chart of another exemplary method for sensing pressure
with the pressure sensor in accordance with the yet other
embodiments of the present disclosure. According to some
exemplary embodiments, a signal 1s transmitted on elastic
clement 325 or the electrodes positioned on a pair of
pyramid structures (block 905). Signals on each of the
clectrodes positioned on the pair of pyramid structures is
detected (block 910). Signals detected from electrodes on
one of the pyramid structures are compared with signals
detected in corresponding electrodes on the other pyramid
structure of the pair (block 915). Contact pressure applied on
writing tip 350 may be detected based on diflerence between
outputs from the upper and lower pyramid structure (block
920). When detecting pressure based on diflerences between
signals, noises common to signals measured on each of the
pyramid structures may be cancelled. Direction of applied
force on the writing tip may be based on differences between
outputs from different walls on a same pyramid structure
(block 925). Output from sensor 520 1s typically reported to
a device (digitizer system or stylus enabled device) in
communication with the stylus (block 930).

According to an aspect of some exemplary embodiments
there 1s provided a handheld device comprising: a housing;
an elongated rod including a tip at a first end and a
compressible element at a second end, wherein the com-
pressible element includes conductive material, and wherein
the elongated rod 1s movable with respect to the housing; a
pyramid structure including at least three walls and an
electrode on each of the at least three walls, wherein the
pyramid structure 1s {ixed or integrated with the housing, and
wherein the compressible element 1s configured to press
against the electrodes based on a force vector applied on the
tip; and a circuit configured to: apply signals on the com-
pressible element or the electrodes; detect outputs from the
clectrodes; and provide pressure related information based
on the outputs.

Optionally, the pyramid structure or the compressible
clement includes 1solation material configured to establish
capacitive coupling between the electrodes on the pyramid
structure and the compressible element during physical
contact between the compressible element and the pyramid
structure.

Optionally, the circuit 1s configured to detect capacitive
coupling between the compressible element and each of the
clectrodes.

Optionally, the circuit 1s configured to detect electrical
coupling between the compressible element and each of the
clectrodes.

Optionally, the circuit 1s configured to detect a direction
of the force vector based on the outputs from the electrodes.

Optionally, the pyramid structure 1s a truncated pyramid
structure including at least three walls and an additional
surface formed from truncating the peak and wherein the
additional surface includes an additional electrode.

Optionally, the device comprises a pair of pyramid struc-
tures arranged to form a hexahedron, each pyramid structure
of the pair including at least three walls and an electrode on
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cach of the at least three walls, wherein each of the pyramid
structure 1s fixed or integrated with the housing.

Optionally, the compressible element 1s supported on a
first pyramid structure of the pair while the tip has no force
vector applied on 1t and 1s pushed against the second
pyramid structure of the pair based on the force vector.

Optionally, the compressible element 1s compressed
between the first pyramid structure and the second pyramid
while the tip has no force vector applied on 1t and 1s pushed
against the second pyramid structure and pulled away from
the lower pyramid of the pair based on the force vector.

Optionally, a first pyramid structure of the pair includes a
bore and the rod 1s fitted through the bore.

Optionally, the circuit 1s configured to detect differences
between outputs from electrodes of the first pyramid struc-
ture and the second pyramid structure of the pair, and to
provide pressure related information based on the differ-
ences.

According to an aspect of some exemplary embodiments
there 1s provided a method comprising: providing a hand-
held device including a housing and an elongated rod that 1s
movable with respect to the housing, wherein the elongated
rod 1ncludes a tip at a first end and a compressible element
at a second end, the compressible element including con-
ductive material; detecting outputs from at least three elec-
trodes, each electrode of the at least three electrodes posi-
tioned on a wall of a pyramid structure, the pyramid
structure fixed to the housing, wherein the outputs detected
1s sensitive to movement of the elongated rod and pressing
of the compressible material against the electrodes; and
reporting pressure related information based on the outputs
to a computing device communicating with the handheld
device or applying the pressure related information for
adjusting operation of the handheld device or applying the
pressure related information for adjusting operation of the
handheld device.

Optionally, the outputs detected are based on capacitive
coupling between the compressible element and the at least
three electrodes.

Optionally, wherein the outputs detected 1s based on
clectrical coupling between the compressible element and
cach of the electrodes.

Optionally, the pressure related information 1s a force
vector applied on the tip, where a direction of the force
vector 1s detected based on diflerences 1n the outputs from
the at least three electrodes.

Optionally, the outputs detected are based on a signal
transmitted on the rod, wherein the rod and the compressible
clement are electrically connected.

Optionally, the outputs detected i1s based on a signal
transmitted on each of the at least three electrodes.

Optionally, the pyramid structure 1s a truncated pyramid
structure including at least three walls and an additional
surface formed from truncating the peak and wherein the
additional surface includes an additional electrode.

Optionally, the method comprises detecting outputs from
at least three additional electrodes positioned on walls of a
second pyramid structure, the second pyramid structure
forming a hexahedron with the first pyramid structure.

Optionally, the method comprises detecting diflerences
between outputs from electrodes of the first pyramid struc-
ture and the second pyramid structure; and providing pres-
sure related information based on the differences.

Certain features of the examples described herein, which
are, for clarity, described 1n the context of separate embodi-
ments, may also be provided in combination 1mn a single
embodiment. Conversely, various features of the examples
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described herein, which are, for brevity, described in the
context of a single embodiment, may also be provided
separately or 1n any suitable sub-combination or as suitable
in any other described embodiment of the disclosure. Cer-
tain features described in the context of various embodi-
ments are not to be considered essential features of those
embodiments, unless the embodiment 1s mnoperative without
those elements.

What 1s claimed 1s:
1. A handheld device comprising:
a housing;
an eclongated rod including a tip at a first end and a
compressible element at a second end, wheremn the
compressible element includes conductive material,
and wherein the elongated rod 1s movable with respect
to the housing;
a pyramid structure including at least three walls and an
electrode on each of the at least three walls, wherein the
pyramid structure 1s fixed or integrated with the hous-
ing, and wherein the compressible element 1s config-
ured to be placed 1n the pyramid structure and to press
against the electrodes based on a force vector applied
on the tip; and
a circuit configured to:
apply signals on the compressible element or the elec-
trodes:

detect outputs from the electrodes; and

provide pressure related information based on the out-
puts.

2. The handheld device of claim 1, wherein the pyramid
structure or the compressible element includes 1solation
material configured to establish capacitive coupling between
the electrodes on the pyramid structure and the compressible
clement during physical contact between the compressible
clement and the pyramid structure.

3. The handheld device of claim 2, wherein the circuit 1s
configured to detect capacitive coupling between the com-
pressible element and each of the electrodes.

4. The handheld device of claim 1, wherein the circuit 1s
configured to detect electrical coupling between the com-
pressible element and each of the electrodes.

5. The handheld device of claim 1, wherein the circuit 1s
configured to detect a direction of the force vector based on
the outputs from the electrodes.

6. The handheld device of claim 1, wherein the pyramid
structure 1s a truncated pyramid structure including at least
three walls and an additional surface formed from truncating
the peak and wherein the additional surface includes an
additional electrode.

7. The handheld device of claim 1, comprising a pair of
pyramid structures arranged to form a hexahedron, each
pyramid structure of the pair including at least three walls
and an electrode on each of the at least three walls, wherein
cach of the pyramid structure 1s fixed or integrated with the
housing.

8. The handheld device of claim 7, wherein the compress-
ible element 1s supported on a lower pyramid structure of the
pair while the tip has no force vector applied on it and 1s
pushed against an upper pyramid structure of the pair based
on the force vector.

9. The handheld device of claim 7, wherein the compress-
ible element 1s compressed between a lower pyramid struc-
ture and an upper pyramid while the tip has no force vector
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applied on 1t and 1s pushed against the second pyramid
structure and pulled away from the lower pyramid of the pair
based on the force vector.

10. The handheld device of claim 7, wherein a lower
pyramid structure of the pair includes a bore and the
clongated rod 1s fitted through the bore.

11. The handheld device of claim 7, wherein the circuit 1s
configured to detect differences between outputs from elec-
trodes of a lower pyramid structure and an upper pyramid
structure of the pair, and to provide pressure related infor-
mation based on the differences.

12. A method comprising:

providing a handheld device including a housing and an

clongated rod that 1s movable with respect to the
housing, wherein the elongated rod includes a tip at a
first end and a compressible element at a second end,
the compressible element including conductive mate-
rial;

detecting outputs from at least three electrodes, each

clectrode of the at least three electrodes positioned on
a wall of a pyramid structure, the pyramid structure
fixed to the housing, wherein the outputs detected are
sensitive to movement of the elongated rod and press-
ing of the compressible material 1n the pyramid struc-
ture against the electrodes which are positioned on the
walls; and

reporting pressure related information based on the out-

puts to a computing device communicating with the
handheld device or applying the pressure related infor-
mation for adjusting operation of the handheld device.

13. The method of claim 12, wherein the outputs detected
are based on capacitive coupling between the compressible
clement and the at least three electrodes.

14. The method of claim 12, wherein the outputs detected
are based on electrical coupling between the compressible
clement and each of the electrodes.

15. The method of claim 12, wherein the pressure related
information 1s a force vector applied on the tip, where a
direction of the force vector 1s detected based on differences
in the outputs from the at least three electrodes.

16. The method of claim 12, wherein the outputs detected
are based on a signal transmitted on the elongated rod,
wherein the elongated rod and the compressible element are
clectrically connected.

17. The method of claim 12, wherein the outputs detected
are based on a signal transmitted on each of the at least three
clectrodes.

18. The method of claim 12, wherein the pyramid struc-
ture 1s a truncated pyramid structure including at least three
walls and an additional surface formed from truncating the
peak and wherein the additional surface includes an addi-
tional electrode.

19. The method of claim 12, comprises a pair of pyramid
structures arranged to form a hexahedron; and further com-
prising:

detecting outputs from at least three additional electrodes

positioned on walls of a second pyramid structure of
the pair of pyramid structures.

20. The method of claim 19, further comprising;

detecting diflerences between outputs from electrodes of

the first pyramid structure and the second pyramid
structure of the pair of pyramid structures; and

providing pressure related mnformation based on the dii-

ferences.
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